A 7 variate SVAR model is used to identify the presence and causes of overvaluation in real house prices in Australia from 2002 to 2008. An important feature of the model is the develepment of a housing sector where long-run restrictions are derived from economic theory to identify housing demand and supply shocks. The empirical results show that real house prices were overvalued during the period, reaching a peak of nearly 20% by the end of 2003. Important factors driving the observed overvaluation are housing demand shocks prior to 2006, and macroeconomic shocks in the goods market post 2006. Wealth effects from portfolio shocks in equity markets are also found to be an important driver. The results also suggest that monetary policy is not an important contributing factor in the overvaluation of house prices.
Introduction
The The aim of this paper is to address these questions by first identifying whether prices in housing and equity markets are overvalued, and if so, what are the drivers behind the overvaluation. To be able to quantify the size of the potential overvaluation in these markets it is necessary to identify some "normal" price that would occur if prices are solely driven by their market fundamentals. The approach adopted here is to specify a structural vector autoregression (SVAR) model of the Australian economy that combines the macroeconomic model of Fry, Hocking and Martin (2008) with its focus on domestic and international portfolios, with a housing sector component. The specification of a macroeconomic model for Australia incorporating a housing sector has three motivations. First, the specified model uses long-run restrictions to identify the housing demand and supply shocks which are derived from an intertemporal optimization model of housing investment based on Tobin's q.
Second, the long-run restriction imposed on the housing market relating real house prices to interest rates is of a similar form to the long-run restriction derived for equity markets by Fry, Hocking and Martin (2008) . Without the imposition of these two cross-equation restrictions the model is just-identified. This suggests that a natural test of the long-run properties of the model is conducted by testing the model's overidentifying restrictions.
Third, the inclusion of a housing sector allows for the wealth effects from housing in a relatively general model that is rich in its menu of assets. An allowance for wealth http://www.asx.com.au/research/market_info/historical_equity_data.htm.
effects from housing is important empirically for Australia as the relative contribution of housing to overall wealth is larger than it is for equities, as highlighted in Table 1 .
This table shows that from 1991 to 2006, the contributions of housing and equities to wealth have grown significantly to levels that are now in excess of GDP. This table also shows that the contribution of housing to wealth is now nearly three times the contribution of equity to wealth. A similar statistic is reported by Jarociński and Smets (2008) for the US.
Despite the importance of housing wealth to overall wealth in Australia, there
are as yet no SVAR models of Australia incorporating the housing market. In fact, most models tend not to include any asset markets, exceptions being Fry, Hocking and
Martin (2008) and Pagan (2000, 2008) who both include the stock market. The rest of the paper is structured as follows. A macroeconometric SVAR model is derived in Section 2 with special attention given to deriving the long-run restrictions for housing supply and demand. The econometric methods are presented in Section 3, while data issues are discussed in Section 4. The empirical results are presented in Section 5, with conclusions given in Section 6.
A Macroeconometric Model
This section develops a 7-variate macroeconometric model of Australia that incorporates a housing sector. The housing sector is based on Tobin's q model of investment, which yields long-run restrictions on the underlying processes that are important in the identification of demand and supply shocks in the housing market.
Housing Sector Specification
Consider an investor that is assumed to choose real gross residential investment (I) to maximise the stream of discounted profits according to the following objective function
subject to the housing stock accumulation constrainṫ
where P h is the price of a house also assumed to be equal to the price of housing investment for simplicity, h is the stock of housing, R is the nominal interest rate,
is the installation function (Hayashi (1982) ) and δ is the depreciation rate. The model is easily expanded to allow for various types of taxes as well. Assuming that house prices over time follow
where π is inflation, the objective function in (1) becomes
The current value Hamiltonian is
The optimality conditions are (Kamien and Schwartz (1981) )
Setting (6) to zero and rearranging gives
Assuming quadratic installation costs with parameter γ
then
so (9) yields upon rearranging the optimal solution for housing investment
Substituting (11) into theḣ equation in (8) and using the quadratic installation specification in (10), givesḣ
An important feature of the identification of the model's dynamics is the imposition of long-run restrictions on the relationships amongst the variables. To derive the form of these long-run restrictions for the housing sector, from (7) and (12) respectively seṫ λ =ḣ = 0.
This results in the following two equation system in terms of λ and h,
As this system is recursive, λ is simply derived from the first equation in (14)
Alternatively, this equation is rearranged to give an expression for Tobin's marginal q (Hayashi (1982) )
Using this result in the second equation in (14) , gives
which is rearranged to yield a long-run solution for the stock of housing
Now define Tobin's average q as (Hayashi (1982) )
where L is land costs and C is construction costs. 
By taking natural logarithms and given the homogeneity assumption, the log of the price of housing relative to the cost of land is
with p h = ln (P h /L) representing the price of housing per the price of land and c = ln (C/L) the relative construction costs per the price of land. The role of land prices in the model is consistent with Capozza and Helsley (1986) and Bourassa and Hendershott (1995) .
Equation (20) shows that in the long-run the log of the price of housing relative to land costs is a positive function of the log of construction-land costs and an inverse function of the log of the real interest rate. An important question investigated in the empirical section is how nominal interest rate shocks affect the economy and the housing sector in particular. To achieve this aim define ln (R − π + δ) = r + φ, where r = ln R and φ = − ln (1 − (π − δ) /R). In which case the long-run specification in (20) becomes
Provided that (π − δ) and R are cointegrated, the key long-run relationship is between p h , c and r. This expression has a number of important empirical implications.
First, there is a linear relationship between the log housing-land price p h and the log construction-land price c, with parameter α. Second, the log nominal interest rate enters the specification with a parameter equal to −1. This means that an aggregate demand shock that raises nominal interest rates, reduces house prices p h by the same magnitude in the long-run. A similar result is obtained in Fry, Hocking and Martin where an inverse relationship between log real equity prices and log nominal interest rates is established in the long-run which provides a natural restriction from economic theory to help identify aggregate demand shocks. Empirically this restriction is testable both for the housing sector and jointly for all asset markets in general. Thirdly, given the cointegrating assumptions imposed on the relationship between (π − δ) and R, it is not necessary from a long-run perspective to identify depreciation costs over time δ, which can potentially be difficult to derive accurate data for.
To complete the specification of the housing sector, a long-run cost function is specified whereby the price of housing relative to the price of land (c), is a function of real output (y) according to
where β is the long-run cost parameter. Alternatively, using (22) to substitute out c from (21) gives the long-run house price equation as
Equations (22) and (23) are used to identify the demand and supply equations for housing. As the supply equation is presented in terms of a cost function, a positive supply shock is identified as a negative cost shock which corresponds to the cost function shifting downwards as costs are now lower for each level of output.
Macroeconomic Specification
The macroeconomic model consists of augmenting the 5 variate SVAR model of Fry,
Hocking and Martin (2008) to include the housing specifications in (22) and (23). This results in a 7 variate system containing the variables
where y is the log of real GDP, r is the log of the nominal interest rate, s is the log of the real price of Australian equities, p is the log of the nominal goods market price level, f is the log of the real price of foreign equities expressed in Australian dollars, c is the log of the ratio of construction costs to land costs, and p h is the log of the price of housing relative to the cost of land.
The dynamics of the macroeconometric model are represented in terms of a vector autoregression (VAR) with K lags
where L k ∆Z t = ∆Z t−k is the lag operator, Φ k are (7 × 7) matrices of autoregressive parameters, ϑ is a (7× 1) vector of intercepts, and e t is a multivariate normal random disturbance term with the properties of zero mean E [e t ] = 0, contemporaneous co- The structural shocks driving the processes are represented by the disturbance vector v t , which captures aggregate supply and demand shocks in the goods market, domestic and foreign portfolio shocks, nominal shocks in the money market, and demand and supply shocks in the housing market. The shocks are ordered as follows: 
The structural shocks have the properties
0, ∀s 6 = 0. To be able to identify v t using the z t variables given in equation (24), the structural shocks v t and the VAR disturbance vector e t in equation (25) , are related as
where G is a matrix of unknown structural parameters that needs to be estimated. To identify the parameters in G, a set of long-run restrictions are imposed on the model's dynamics by defining (Blanchard and Quah (1989) )
where the Φ i s are once again the VAR autoregressive parameters defined in (25) , and H is a matrix containing the unknown parameters that control the long-run properties of the model. To see that H indeed captures the long-run properties of the model, use
equations (27) and (28) to write (25) in terms of the structural shocks v t
In long-run equilibrium, the growth rates of the variables are constant given by ∆z t , so (29) reduces to
Upon rearranging
shows that the effect of a structural shock on the variables in the long-run is given by H.
Restrictions
The restrictions embodied in H in equation (28) are summarised as
where the partitioned matrices are
The Macroeconomy without the Housing Sector
The top left hand ( The third row shows that Australian real equity prices are affected by aggregate supply shocks (δ 1 > 0) and demand shocks (−ψ 2 < 0) in the goods market, portfolio shocks in Australia (δ 3 > 0) and the US (δ 5 > 0) . The cross-equation restriction that the effects of aggregate demand shocks in the interest rate and equity equations are equal, but opposite in signs arises from real equity prices being determined by present value levels.
The fourth row shows that the aggregate price level in the goods market is affected by all shocks.
The final row of H 1,1 shows that real foreign equity prices are exogenous. This restriction is based on purchasing power parity being satisfied in the long-run whereby an increase in the domestic price is perfectly outweighed by a depreciation of the Australian currency.
The Housing Sector to the Macroeconomy
The H 1,2 block represents the long-run effects of housing supply and demand shocks on the first five macroeconomic variables in z t in (24) . Real output in the goods market and the real foreign price of equities are unaffected by supply and demand shocks in the housing market.
Interest rates are however, affected by shocks to housing supply (ψ 6 ≷ 0) and demand (ψ 7 > 0). The effects of a housing supply shock on interest rates is ambiguous, as an increase in housing supply lowers house prices with the net effect on wealth dependent on the housing demand elasticity. The effects of housing demand shocks on the interest rate are expected to be positive as a result of wealth and credit channels.
The total value of housing increases through simultaneous increases in house prices and the stock of housing. This, in turn, stimulates wealth which adds to aggregate demand in the goods market and causes the interest rate to increase. The second linkage is the credit channel whereby increases in the price of housing caused by the initial increase in housing demand, increases the demand for credit to finance the purchase of housing, putting direct pressure on the interest rate as the cost of borrowing rises. The aggregate price level in the goods market is affected by the housing demand shock through an increase in house prices which feeds positively into the aggregate price level (γ 7 > 0). The corresponding channel from housing supply shocks to the aggregate price level are likely to flow through to the price level if the cost of constructing housing increases (γ 6 > 0). However, this channel is presumably less direct and potentially even insignificant.
The Macroeconomy to the Housing Sector
The H 2,1 block shows how the non-housing macroeconomic shocks affect housing costs and housing prices in the long-run. The first row of H 2,1 represents the long-run cost function in (22) and aggregate demand shocks in the goods market (κ 2 < 0). The aggregate demand shock in the goods market imposes a cross equation restriction through the interest rate. As aggregate demand shocks in the goods market raise the nominal interest rate by ψ 2 , from the q theory of housing investment given by (23) , there is a corresponding fall in the house price equal to κ 2 = −ψ 2 .
The Housing Sector to the Housing Sector
The last block is H 2,2 , identifies the long-run effects of housing supply and demand shocks on house costs and prices. Housing costs are a function of own shocks. As (22) represents a long-run housing cost function, a negative shock to house costs constitues a downward shift in the housing supply function whereby the cost of housing becomes lower for each level of real output. To ensure that a housing supply shock is indeed a positive shock in that the supply of housing increases, the normalisation ϕ 6 < 0, is adopted so an increase in house supply is represented by a fall in housing costs.
The final row of H 2,2 is the long-run house price equation in equation (23), whereby both housing supply (κ 6 < 0) and demand (κ 7 > 0) shocks affect the price of housing.
Short Run
Whilst a number of restrictions are imposed on the relationships amongst the variables in the long-run, no such restrictions are imposed on the short run dynamics, with all shocks affecting all 7 variables in the short-run.
Identification
The total number of long-run parameters to be estimated in H in equation (31) is 26.
By not imposing the two cross-equation restrictions
results in 28 long-run parameters to be estimated. Using equation (27) , the variancecovariance matrix of the VAR residuals is
as E [v t v 0 t ] = I. Now using equation (28)
There are N (N + 1) /2 = 7 × 8/2 = 28 unique elements of Ω. As the Φ i s are determined by the VAR, this leaves a maximum of 28 long-run parameters that can be identified. This indeed corresponds to the unconstrained version of the model while the constrained model results in two over-identifying restrictions.
Econometric Methods
The parameters of the SVAR are estimated using maximum likelihood methods. The log-likelihood for observation t is given by
where N = 7 is the number of equations, and the (7 × 1) VAR disturbance vector e t is defined from (25) as
The variance-covariance matrix of e t is given by (34) . The full set of parameters consist of the "mean" parameters {Φ 1 , Φ 2 , · · · , Φ K , ϑ} and the 26 "variance" parameters contained in H given in (31).
The full log-likelihood for a sample of size T is defined as
As a result of the normality assumption of e t , the information matrix is block diagonal between the mean and the variance parameters. This implies that asymptotically efficient parameter estimates are obtained by estimating the model in two steps. In the first step, the VAR in (25) is estimated by maximum likelihood methods to yield estimates of the mean parameters, denoted as n b
As the explanatory variables in each equation is the same, these estimates are simply achieved by estimating each equation separately by ordinary least squares. In the second step, the variance parameters in H are estimated conditional on the mean parameter estimates in (38). Formally this involves solving the following first order 
Data
The data used to estimate the SVAR are quarterly beginning March 1980 and ending June 2008, a total of 114 observations. The variables are real GDP (y t ) , the 3 month bank accepted bill rate (r t ) , the real Australian S&P/ASX200 share price index (s t ) , the consumer price index (p t ) , and the real foreign S&P500 share price index expressed in Australian dollars (f t ), real housing construction costs (c t ) and real house prices (p h ) .
The data are presented in Figure 1 . Further details on data sources are contained in the Appendix A.
Housing construction costs are based on the Australian Bureau of Statistics (ABS)
price index of materials used in house production. These costs contain the inputs used in the Australian housing construction industry. A component of costs not included is 
Empirical Results
Before estimating the SVAR model, all variables in (24) are expressed in natural logarithms and scaled by 100. The maximum likelihood long-run parameter estimates of the parameters in (31) are contained in Table 2 . In maximising (37) Table 2 .
Are House Prices Overvalued?
To be able to identify if real house prices are overvalued or not, it is necessary to identify a benchmark house price that corresponds to a "normal" price. The approach adopted is to decompose the real house price in terms of its conditional expectation and an idiosyncratic shock according to is commonly referred to as the baseline projection. As the conditional expectation also represents the "rational" forecast as in all available information is being used to generate the "best" forecast of the real house price, it is also referred to as the "market fundamental" house price at each point in time as this would be the price that would occur in the absence of shocks.
The second term η T +J in (40) summarises the historical shocks causing the actual house price to deviate from its conditional expectation. For the estimated SVAR model, η T +J is decomposed into the 7 shocks identified in the model given in (26) . Interpreting the conditional expectation as the market fundamental price, 
The Role of Housing Market Shocks

Demand
The dynamics of a positive housing demand shock are given in Figure 3 . This shock causes an instantaneous increase in the real price of housing. There are further increases in house prices which taper off after a couple of years, settling at a level comparable to the initial increase. The increase in housing demand causes an increase in the supply of housing and a corresponding increase in housing costs as the economy moves upwards along the housing cost function in (22) . The effect on the supply of housing and hence housing costs dissipates after two years as the supply of housing reverts back to its long-run level, which by construction is independent of housing demand shocks. Table 3 shows that housing demand shocks dominate movements in the real house price in the short-run, explaining just under 70% of its variance. This role diminishes in relative importance and by the long-run its contribution is just over 20%.
The macroeconomic effects of the housing demand shock are similar to an aggregate demand shock in the goods market. There are increases in output and prices in the goods market, together with increases in the nominal interest rate. 2 There is actually a small fall in the goods market price, but this is temporary and potentially reflects the contractionary effects of an increase in the interest rate. The interest rate increase is driven by the increase in demand for liquidity arising from the increase in real output, and the increase in the demand for credit arising from the need to finance the housing demand shock.
The simultaneous increases in the nominal interest rate and the goods market price cause a fall in domestic real equity values, which dominate the positive dividend effect arising from the increase in output. Real US equity values also fall initially. This fall arises from the increase in domestic prices and an immediate appreciation of the Australian dollar. The exchange rate eventually depreciates as the dollar reverts back to its purchasing power parity level in the long-run, leaving the US equity price at its pre-shock level. 
Supply
The effects of a positive housing supply shock presented in Figure 4 , show simultaneous falls in housing costs and housing prices. There are further falls over time in housing costs and prices with both variables settling at lower values in the long-run. However, from the variance decomposition of the real house price presented in Table 3 , the contribution of real house supply shocks in small, less than 5%, both in the short-run and the long-run.
The housing supply shock has positive macroeconomic effects on output and prices in the goods market, as well as the nominal interest rate. The effect on real output in the goods market is temporary with real output returning to its long-run level.
In contrast to the housing demand shock, the effect of the housing supply shock is to raise real equity values in Australia. The increase in the domestic price coincides with a depreciation of the exchange rate with the net effect being an increase in real US equity values in Australia as well. The size of the depreciation falls over time resulting in US real equity values in Australia falling as the exchange rate returns to its purchasing power parity level.
The Role of Goods Market Shocks
Demand
The effects of a positive shock in aggregate demand in the goods market are given in Figure 5 . There are simultaneous increases in output and the price in the goods market. The goods market price continues to increase over time to a higher level in the long-run, whereas output returns to its long-run natural rate level. There is an increase in the nominal interest rate which reduces the present value of equities causing a fall in the real equity price in Australia. The real US equity price also falls as a result of the increase in the domestic price level as well as the appreciation of the Australian dollar caused by the aggregate demand shock. The effect on US real equity prices is temporary though as the exchange rate eventually depreciates by the full amount of the increase in the goods market price thereby restoring purchasing power parity.
The aggregate demand shock in the goods market affects both the supply and the demand in the housing market. The increase in goods market output arising from the aggregate demand shock, raises costs in the housing market as the economy moves along its housing cost function. This effect is temporary as the goods market output returns to its long-run level. In contrast, the positive shock in aggregate demand in the goods market causes a substitution effect away from housing demand through the increase in the interest rate which permanently lowers real house prices. From Table 3, in the long-run the goods market aggregate demand shock dominates all other shocks with its contribution to the variance of real house being over 50%.
Supply
The effects of a positive shock in aggregate supply are given in Figure 6 . Output in the goods market increases while its price falls. There is an initial fall in the nominal interest rate which quickly increases as a result of the positive real wealth effects from the goods market. This is caused by the fall in the goods market price, as well as from the dividend effects from the expansion in real output which raises the real value of equities in Australia. There are also positive real wealth effects from US equity values as the real US equity price increases as a result of the fall in the domestic goods price and the depreciation of the Australian dollar. In the long-run the fall in the goods market price causes the Australian dollar to appreciate returning the currency to its purchasing power parity level thereby eroding any wealth effects from US equities.
The aggregate supply shock in the goods market has a permanent positive effect on housing costs, with housing costs tending to overshoot their long-run level after about a year. The effects on the housing market of a positive goods market shock to aggregate supply is equivalent to a negative housing supply shock, with real house prices increasing over time. This effect dominates the negative effect on real house prices of higher interest rates, with the housing market characterised in the long-run by both higher costs and prices. The relative importance of shocks to aggregate supply in the goods market are highlighted by the variance decompositions reported in Table   3 which shows that it expalains just over 20% of variation in real house prices.
The Importance of Equity Wealth Effects
To gain insight into the nature of the shocks in the goods market over the period 2002 to 2008, Figure 7 gives the historical decomposition of the interest rate. 
Implications for Monetary Policy
An implication of the results above is that the overvaluation of real house prices in Australia is not driven by the low interest rate policy, the so called Greenspan put, adopted by many central banks following financial market crises including the dotcom crisis (Goodhart (2008) ). For Australia it is evident in fact from Figure 7 , that interest rates are mostly above their market fundamental levels after the dot-com crisis.
This 
Conclusions
The role of the housing sector and its interconnection with the macroeconomy has recently gained importance since the global economic events of 2008. In this paper a 7
variate macroeconomic model with a particular focus on the identification of housing supply and demand shocks, was developed. A Tobin's q model of housing investment was derived which provided a set of long-run restrictions on the model to identify these shocks. The model was used to determine whether real house prices in Australia diverged from their market fundamentals, as well as identifying the nature of the shocks underlying any observed divergence.
The empirical results showed that real house prices were overvalued over the period the overvaluation prior to 2006, were housing demand shocks and to a lesser extent aggregate demand and supply shocks arising from the goods market. After 2006, it is the goods market shocks that dominate the overvaluation in house prices. The evidence shows that the demand and supply shocks in the goods market were characterised by wealth effects stemming from the Australian equity market. The empirical results also showed little support for the view that monetary policy contributed to the observed overvaluation of real house prices in Australia over this period.
The empirical results also showed evidence of overvaluation in other asset markets.
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